Primary Objective: To compare the prevalence of persistent post-concussion syndrome (PCS; > 1 year post-injury) in participants with mild traumatic brain injury (mTBI) and those without head injury.
PCS in populations with and without mTBI
It is these ambiguities and complications in PCS diagnosis that this current study aims to explore, particularly the incidence of postconcussion-like symptoms in the general population. A comprehensive investigation into postconcussion-like symptoms and related variables (depression, anxiety, PTSD, cognitive failure, daytime sleepiness, litigation, chronic pain and gender) was carried out in healthy control participants and this was compared to persistent PCS (>1 year post-injury [17] ) levels in a group with mTBI.
A major limitation in PCS research is that variable diagnosis and inconsistent control measures have made synthesis of research studies difficult [54] . A review of the persistent PCS literature [17] indicated that idiographic differences between symptomatic participants tend to be hidden under total group effects, especially when limited to a particular chronicity.
Individual variations in damage sustained and recovery progression mean that sampling participants within a specific chronicity (e.g. 3 months) could result in a fairly heterogeneous group and mask any injury-related changes. Therefore, our study sample ranges from those who had an mTBI 1 year previously to those whose injury occurred many years ago.
In addition, splitting study groups by PCS diagnosis, including the control (non-mTBI) group [53, 55] , to look at co-variables and neuropsychological tests has been suggested as a useful future direction [17] . A few studies have adopted this method [15, 21, 28, 40, 42] . Out of these, only a couple of studies [21, 40] examined persistent PCS symptoms at least a year post injury, and they neglected to split either participants with mTBI [40] or those in the control group [21] by PCS diagnosis and postconcussion-like symptom report. While nonhead injured participants cannot by definition have PCS, assessment of the symptoms comprising this syndrome in these participants is valid and potentially informative. The current study aims to examine the specificity of this symptom combination to individuals with mTBI. Consequently, the extent to which participants with and without mTBI exceeded the criteria threshold for PCS diagnosis is assessed in the current research. Control PCS in populations with and without mTBI 6 participants were categorised as having PCS, for analysis purposes only, when they met all the ICD-10 criteria except the caveat of previous head injury. This grouping provides a means of determining the clinical meaningfulness and specificity of PCS diagnosis, as well as directly comparing the occurrence of its constituent symptoms in individuals with and without mTBI.
Recruitment was deliberately focused on members of the public in order to eliminate the referral bias that can occur in hospital based studies [3, 4] , particularly in studies that recruit patients referred for ongoing clinical symptoms. The majority of individuals who experience an mTBI are not admitted to hospital, and prevalence of mTBI in the general population is greater than that seen in emergency departments or hospitals. This suggests that a large number of those who sustain an mTBI are unreported in the traditional literature [5, 56] , although they may subsequently experience persistent, worsening or even emerging PCS symptoms. For this reason, we used an online survey to collect the data, ensuring that a more representative sampling of PCS in both populations with mTBI and those without head injury was achieved. As inclusion in the survey does not require the participant to have had an mTBI or experienced symptoms, or to think they might have, it enables a more complete sampling of the full spectrum of mTBI, broadening the focus beyond the more obvious hospital-treated cases. A comparison of ICD-10 and modified DSM-IV [57, 58] PCS diagnosis criteria was conducted in order to clarify diagnostic variability and the generalisability of research findings.
Method

Recruitment
In order to obtain a representative, cross-sectional, sample of participants with mild traumatic brain injury (mTBI), including those who have not reported to hospital, recruitment PCS in populations with and without mTBI 7 was achieved via advertisements placed in public places around Guildford. These advertisements gave the web address of an online survey. To encourage participation, completed surveys were entered into a prize draw with three possible cash prizes. In addition to demographic information, respondents were asked whether they had ever experienced an injury to the head. If participants responded positively, then a series of further questions were asked in order to determine whether the injury met the diagnosis criteria for mTBI.
Participants were also screened for previous major head injury; 12 participants (mTBI+PCS: 8; mTBI-PCS: 4) were excluded on the basis of this criterion. 350 members of the public, chiefly comprising university staff and students, were included in the subsequent analysis.
The study protocol was given a favourable opinion by the University Ethics Committee.
Diagnosis
mTBI was determined using ICD-10 criteria [59] . In order to meet these criteria, participants had to report one or more of the following: dizziness or confusion; loss of consciousness (LOC) for 30 minutes or less; post-traumatic amnesia (PTA) for less than 24 hours. A description of the injury, the date of injury, and a report of any previous minor head injury were also taken to aid diagnosis.
PCS diagnosis employed ICD-10 criteria [7] . The number and severity of symptoms were collected using the Rivermead Post-Concussion symptoms Questionnaire (RPQ; [60] [61] [62] ), as in previous studies [11, 14, 21, 39, 40, 53, 63] . PCS was diagnosed if participants reported that three (or more) of the symptom categories listed in the ICD-10 criteria were more of a problem after the head injury.
For participants in the control (no history of head injury) group, a modified Rivermead Post-concussion symptoms Questionnaire for Controls (RPQ-C; [21]) was used to assess symptoms. In the usual RPQ, the question "Compared with before the accident, do you now (i.e. over the last 24 hours) suffer from:" is used. The RPQ-C changed this to "Compared PCS in populations with and without mTBI 8 with your peers, do you now (i.e. over the last 24 hours) suffer from:". Diagnosis was achieved in the same way for participants in the control group as those in the mTBI group, with the exception that for controls there was no "history of head trauma". This allows direct comparison of symptom levels, and diagnostic specificity, in the two populations.
Study Sample
Out of the 350 respondents, 106 were deemed to have had an mTBI, and 244 were found to have no mTBI history. These two groups were divided further on the basis of PCS diagnosis into: participants with mTBI and PCS (mTBI+PCS; n=33), mTBI and no PCS (mTBI-PCS; n=73), PCS but no mTBI (Control+PCS, n=83) and no mTBI or PCS (Control-PCS; n=161).
More detailed demographics for each of these are shown in Table 1 .
Questionnaires
In addition to the RPQ, questionnaires were included in the survey on everyday cognitive failures (Cognitive Failures Questionnaire, CFQ; [64] ), post-traumatic stress disorder (PTSD; Impact of Event Scale-Revised: IES-R; [65] ); daytime sleepiness (Epworth Sleepiness Scale: ESS; [66, 67] ), anxiety and depression (Hospital Anxiety and Depression Scale: HADS; [68] ). In addition, demographic information (Table 1) was collected on age, gender, medication, other neurological conditions, dyslexia, chronic pain, and involvement in litigation.
RPQ-C
The modified form of the RPQ for controls, the RPQ-C [21], changes the initial question from a within-person comparison ("Compared with before the accident, do you now (i.e. over the last 24 hours) suffer from:") to a between-person comparison ("Compared with your peers, do you now (i.e. over the last 24 hours) suffer from:"). To ensure that this difference does not impact on the diagnostic equivalence across the RPQ and RPQ-C, we conducted a repeat assessment, one year after initial RPQ-C assessment. A subsample of the control group PCS in populations with and without mTBI 9 was retested using either the RPQ-C or a newly-developed within-person comparison version of the RPQ-C (RPQ-C-W). The RPQ-C-W employed the following question format:
"Compared with one year ago, do you now (i.e. over the last 24 hours) suffer from:". 48 participants in the control group completed the repeat assessment: 26 participants responded to the RPQ-C-W, and 22 responded to the initial RPQ-C.
Other PCS Diagnostic Criteria
As with previous studies [25] [26] [27] [28] , we tested the effect of different diagnostic criteria on our dataset. As our data was collected using an online survey, it was not possible to obtain neuropsychological test data. However, previous studies have used modified DSM-IV PCS diagnostic criteria which are employed in the absence of neuropsychological test data [57, 58] . In order to make the modified DSM-IV criteria (mDSM-IV) more analogous to full DSM-IV criteria (but in the absence of neuropsychological test data), we also used novel diagnostic criteria where participants must meet mDSM-IV criteria and also report at least one cognitive problem (poor memory, poor concentration, taking longer to think). This was called the mDSM-IV(COG). A comparison of the effect of ICD-10, mDSM-IV and mDSM-IV(COG) criteria on PCS diagnosis was performed.
Statistical Analyses
Demographics presented as percentages in Table 1 were analysed for sample differences using chi-square (χ 2 ) tests, while standardised residuals (z) were calculated as a post-hoc method of identifying more precisely the source of any significant differences. Independent ttests were performed on age, IES-R and time since injury. χ 2 tests were also conducted to compare the relative numbers of people with PCS within the mTBI and Control groups. A series of two-way between-subjects analyses of variance (ANOVA) tests were carried out to examine differences within and interaction between the independent variables of mTBI (2 levels: presence/absence of mTBI) and PCS (2 levels: presence/absence of PCS) on the four PCS in populations with and without mTBI 10 psychometric measures employed in this study: RPQ, CFQ, HADS and ESS. A further series of two-way between-subjects ANOVA tests were conducted on the 16 items of the RPQ with the same independent variables. Where significant interactions between the mTBI and PCS factors were established, independent t-tests were carried out as a simple main effects analysis and suitable correction for the familywise error rate was applied. The advantage of this analysis approach over the more commonly used table of symptom intensities is that it enables any statistical interaction at the test item level between PCS diagnosis and mTBI to be quantitatively assessed.
Cochran's Q tests were performed to look for differences in PCS diagnosis (ICD-10, mDSM-IV and mDSM-IV(COG)) for mTBI and control groups separately. This was followed by post-hoc McNemar χ 2 tests with correction for the familywise error rate, to examine diagnostic equivalence across the RPQ-C and RPQ-C-W in the repeat testing of controls.
Results
Demographics
Significant differences (Table 1) to all other groups. More participants in the mTBI+PCS group took some kind of medication (z = 3.8; p < 0.001) compared to all other groups. In addition, post-traumatic stress disorder (PTSD, as measured by IES-R sum score) was present to a greater degree in the mTBI+PCS group compared to the mTBI-PCS group (t(40) = 3.68, p = 0.001).
---Insert Table 1 about here---Although there was no significant difference in education level between groups, 73% of the study sample was educated to a degree level or above, which is a much higher proportion than the general population (20%) [69] .
PCS specificity to mTBI
The proportion of individuals experiencing PCS ( 
---Insert Figure 2 about here---
RPQ Item Analysis
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The most apparent aspect of the profile plot of mean item scores (Figure 3 ) is the similarity between the mTBI+PCS and Control+PCS and between the mTBI-PCS and Control-PCS groups across each of the symptoms assessed by the measure.
---Insert Figure 3 about here---
A series of ANOVA analyses were conducted to examine group differences for each item.
Unsurprisingly, participants with PCS scored significantly higher (p < 0.001) on each item, regardless of whether they have experienced an mTBI. Nonetheless, differences were observed between participants with and without mTBI. Control-PCS groups also demonstrated that they differed significantly on the headaches item (t(232) = 2.11, p = 0.036).
Diagnostic Reliability and Validity
There was no significant difference 
Discussion
Principal findings
This study confirmed earlier reports of high levels of persistent PCS in participants with mTBI [19-22] and a notable incidence rate of postconcussion-like symptoms in a non-clinical population [49] [50] [51] [52] [53] . Significantly, it also established that postconcussion-like symptoms are present to such a degree that diagnosis of PCS is similar in a self-selected sample of persons with and without mTBI (Figure 1) . Combined with the detailed analysis of the data discussed below, this suggests that PCS (as currently defined) is associated with, but not specific to, mTBI [23, 53, 70] . This is important, as the symptoms used to define PCS must be specific enough to distinguish from populations without head injury (i.e. the Control+PCS population) in order to be useful as a diagnostic tool.
Co-Variables
Analysis of co-variables such as depression, anxiety, daytime sleepiness and cognitive failures ( Figure 2 ) revealed that scores on such constructs increase significantly with PCS diagnosis, a finding that is consistent with previous results [21, 29, 34, 42] . However, there were significant differences between participants with brain injury, regardless of PCS diagnosis, and healthy controls. Participants with mTBI had significantly more cognitive failures than those with no history of head injury. In addition, there was a trend for greater post-concussion symptom report in participants with mTBI (p = 0.079). This suggests that while the overall diagnosis of PCS did not differ, there are some symptoms which are able to distinguish between the groups. If the current PCS diagnosis criteria are not specific enough to mTBI, it may be worth adjusting the criteria to give more weight to the more discriminatory symptoms. Indeed, previous research has suggested that the symptoms constituting PCS (as recorded by the RPQ) may show greater reliability and validity id split into Research has already been conducted into the test-retest reliability Comparison between the groups with mTBI revealed that those with PCS were also more likely to have PTSD than those without PCS, as reported by others [33, 71] . This will be discussed in further detail in the RPQ Analysis and Implications sections.
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Of the other co-variables represented in Table 1 , participants with mTBI were older than control participants. The difference in age between the youngest and oldest group was only 4.8 years, and is consequently unlikely to have contributed notably to any group differences.
Participants in the mTBI-PCS group were more likely to have dyslexia (8%), and had
proportionally more males than all other groups. Female gender is associated with PCS symptoms [39] , and the data presented here confirm that, for mTBI participants, those with PCS are more likely to be female. Participants with mTBI and PCS were more likely to be on medication (52%) than all other participant groups (Control+PCS: 23%; mTBI-PCS: 19%,
Control-PCS: 15%). The difference between the two participant groups with PCS is
particularly interesting, as it implies that symptoms after head injury require increased medication and not simply high report of related symptoms. Higher medication use in the mTBI+PCS group was predominantly through prescription drugs for depression, anxiety, pain, and migraines. This seems to be at odds with the data showing no difference in depression or anxiety between those with PCS and those without, suggesting that subjective reporting of these symptoms does not effectively identify their severity. A possible explanation is that the hypochondriacal concern mentioned in ICD-10 criteria for PCS [7] makes participants with mTBI more likely to seek out medication since they have an event to attribute their symptoms to. Use of migraine medication is consistent with the finding that headaches are an important point of discrimination. However, it remains unknown whether these medications were used to treat symptoms prior to injury and not those caused by the mTBI.
RPQ Analysis
Analysis of the mean score profile plot ( Figure 3 ) revealed that participants with mTBI had greater average scores for the majority of the somatic (headaches, dizziness, nausea, light PCS in populations with and without mTBI 16 sensitivity, and double vision) and one of the cognitive symptoms (taking longer to think).
However, interaction between mTBI and PCS was only seen for "headaches". Further analysis of the four subgroups revealed that the mTBI+PCS group reported more headaches on average than the Control+PCS group. The same was true for the mTBI-PCS group compared to the Control-PCS group. Therefore, although the other somatic and cognitive symptoms distinguished between participants with and without head injury as a whole, only report of headaches discriminates between mTBI participants with PCS and control participants with PCS. This was also demonstrated in an earlier study [71] , where the sample data was adjusted to account for PTSD and depression. Before adjustment, a number of PCS symptoms differentiated between participants with and without brain injury. After adjustment, the groups only differed in their report of headaches, which has been demonstrated to be highly prevalent after brain injury [72] . It is necessary to distinguish between participants with and without head injury in order to diagnose PCS as something separate from symptoms present in the general population. Although symptoms of headache are not specific to head injury, the presence of headaches is the symptom most directly related to head injury, and therefore most expected to occur post-injury. Perhaps its prevalence here is merely due to an expectation bias [73, 74] .
The other symptoms that classify more generally between participants with and without head injury require further research to increase their diagnostic usefulness. In particular, cognitive differences seem promising as they are seen both in the RPQ item analysis and in the CFQ sum score differences. Combining symptom report of headaches with criteria based on the other symptoms that more generally classify mTBI may create a more precise definition and diagnosis of PCS.
Comparison of RPQ item report to previous studies is difficult, as few have looked at persistent PCS. One study [14] compared item report from 3 months and 12 months post
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injury. It reported similar proportions of PCS diagnosis in populations with mTBI as seen in this study, and a strikingly similar profile of RPQ item report from 3 months post injury.
However, it contained no control data or data from participants with mTBI more than one year post injury, and so is only a partial replication of the findings.
Diagnostic Reliability
In order to verify the levels of PCS observed within this healthy non-head-injured population, we undertook some additional analyses. The wording of the RPQ-C was tested to make sure that the postconcussion-like symptom levels reported were not the result of the wording of the questionnaire. Changing the wording from a between-person comparison ("Compared to your peers") to a within-person comparison ("Compared to one year ago") did not change the number of control subjects meeting PCS using ICD-10 diagnostic criteria. In addition, the symptoms of participants in the control group who re-took the RPQ-C did not differ from their initial report. Both re-tests were performed a year after the participants initially filled out the RPQ-C. Therefore, the levels of PCS observed in control groups are reliable and stable over time.
Previous research has found that ICD-10 criteria diagnose greater numbers of participants with PCS than DSM-IV criteria in the same mTBI dataset [25] [26] [27] [28] . Consequently, it is possible that the elevated levels of PCS determined for the control population in this dataset were due to ICD-10 diagnostic criteria. As such, we set out to determine whether diagnostic criteria had an effect on our control populations, as well as those with mTBI. Due to the nature of survey methodology, it was not possible to carry out objective cognitive testing, and therefore a modified set of DSM-IV (mDSM-IV) criteria [57, 58] for use with controls as well as individuals with mTBI was employed. In addition, an mDSM-IV criterion in which at least one subjective cognitive complaint must be reported (mDSM-IV (COG)) was also
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introduced. This allows a diagnosis closer to the original DSM-IV, as it accounts for cognitive problems as much as is possible in a survey setting. The mDSM-IV (COG) diagnosed fewer participants with PCS in participants without head injury compared to both the other scales, and fewer compared to the mDSM-IV in participants with mTBI. This suggests that the cognitive testing element of the typical DSM-IV accounts for the lower levels of PCS diagnosed [25] [26] [27] [28] . Using ICD-10 criteria did increase the prevalence of PCS in participants without head injury compared to when using mDSM-IV (COG) criteria. The use of objective cognitive testing, as per usual DSM-IV criteria may further aid differentiation between control and MTBI populations. However, even with mDSM-IV (COG) criteria there was still a significant proportion (25%) of participants without head injury exhibiting symptoms equivalent to PCS. A further caveat is that cognitive symptoms such as memory and concentration problems have been shown to vary after injury, with novel and increased reporting of these symptoms observed with repeated testing [18, 23] . Factors unrelated to brain injury may be contributing to this variability in cognitive symptoms, especially so many years post-injury.
Implications
The data presented in this study have implications for both clinical and research practice, as they demonstrate that the intensity and pattern of symptoms and co-factors of PCS are very similar between participants with and without mTBI. It raises the issue of diagnosis in a clinical setting, and whether the current definition of PCS is valid in classifying persistent PCS. Distinguishing symptoms caused by the injury from baseline symptoms is difficult. If the levels of PCS are the same after mTBI as in a normal population, it could be that we are just measuring naturally-occurring pre-existing symptoms that have subsequently been attributed to the head injury. Indeed, some previous papers have suggested that there is an PCS in populations with and without mTBI 19 attribution bias, in the sense that participants expect to have particular symptoms [73, 74] or overestimate their level of functioning before the injury [75] . Another possibility is that the similarity in the PCS levels, and symptom profile, between participants with and without mTBI is due to the gradual attenuation of reported symptoms to a degree where it no longer differs greatly from the non-head injured population. Participants sustaining an mTBI a year or more previously could then attribute their residual symptoms to the injury, where in fact the symptoms they experience also appear in the healthy population. Most research on this topic has been done on the acute phase after mTBI where the majority of individuals become symptom free around 3 months after injury [9, 11] . Long term outcome in PCS several years after mTBI has not been looked at in the same detail [20, 21, 40] , and it would be interesting to see if others find the same result.
PCS symptom report was associated with greater levels of PTSD, depression, anxiety and cognitive failures in participants with mTBI and PCS. Previous studies that have adjusted for co-variables have observed very few PCS symptom report differences between groups with and without head injury [71] . Therefore, it could be that PCS symptom report is purely related to these other psychological factors, and not to the initial mTBI.
Researchers must also consider whether grouping participants in a control group together when analysing data can produce different results. Certainly, if you group either participants with mTBI or those with no head injury together without thinking of PCS diagnosis, the within-group variance may be larger than the between-group variance, meaning that you wash out potential differences between the groups [17].
Limitations and future research
An important issue raised by these data, which was not possible to determine with the current study design, is how the symptoms reported now relate to those before, or
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immediately after the injury. This sort of analysis is difficult to attain, but essential to answering whether the similarity in symptoms reported years after injury to the occurrence of these symptoms in the general population is due to the non-specificity of the criteria for PCS or an attenuation of initially more intense problems. There are however, some sport-related research paradigms that are beginning to help distinguish these factors by conducting prospective studies with baseline symptoms and cognitive performance before injury [76] [77] [78] .
Participants in the study had higher than average levels of education, and may therefore not be entirely representative of the general population. Attempts were made to recruit more extensively from the local area, however it must be acknowledged that pattern of PCS symptom report may vary in populations with differing educational level. Indeed, some studies suggest that lower educational level may lead to greater persistent PCS report [79] , which may mean that this current study underestimates the real incidence of PCS. Another limitation of the current study was the small number of participants that completed the alternative RPQ-C, potentially limiting the statistical power of that particular analysis.
The design of this study, which relied on subjective self-report data rather than objective measures, also precluded a thorough comparison of the differing diagnostic PCS criteria as full DSM-IV criteria could not be met. However, mDSM-IV (COG) criteria diagnosed fewer control participants with PCS, and there were higher cognitive failures and more cognitive RPQ items reported by those with mTBI than those without. This suggests that cognitive deficit could be an important distinguishing factor for PCS between those with concussion and healthy non brain injured populations [42, 80] . Subjective criteria may not be specific enough to diagnose PCS after mTBI. Objective criteria, such as cognitive testing, may be more exacting in their diagnosis. It is not possible to explicitly test this hypothesis with the current survey methodology, although it does offer present potential for future research.
Cognitive complaints are observed frequently after mTBI [22] . Differences in cognitive 
Conclusions
In summary, postconcussion-like symptoms are seen in healthy participants to such a degree that diagnosis of PCS is at similar levels to those who have had an mTBI. Although there is evidence of some differences between these two groups, the majority of co-factors are strikingly similar. This could be due to PCS, as currently defined, not being specific enough to mTBI. Alternatively, it could suggest that the symptoms experienced by participants with mTBI a long time after injury have returned to normal levels. There are implications for clinical diagnosis, as well as research design, where a case for screening participants in the control group for PCS could be argued. Future studies will explore objective cognitive testing as a distinguishing factor between participants with mTBI and those in the control group, using the four groups presented here. We hope to find that sub- 
